1. The continuing losses of biodiversity around the world remain problematic for nature conservation. A fundamental issue that has triggered debates in nature conservation is the relationship between human culture, heritage and history, and nature expressed as ecology or biodiversity.
| INTRODUC TI ON
The relationships between nature and culture, and between biodiversity and heritage, have been the subject of research and debates over recent decades (e.g. Agnoletti, 2006) . Going beyond pure research there have been extensive discussions about how best to turn policies into practice (e.g. Agnoletti, 2007; Agnoletti & Rotherham, 2015) . Paradigms developed within these discussions include the need to recognise biocultural assets or heritage within eco-cultural landscapes (e.g. Bridgewater & Walton, 1996; Merçon et al., 2019; Rotherham, 2015) and the importance of recognising 'intangible cultural heritage' (e.g. Rotherham, 2007) . The latter paper noted the potential rapid loss of cultural knowledge about landscape management and its traditions, and the resulting changes in stakeholder perceptions and 'sense of place'. Agnoletti and colleagues have been working with, for example, United Nations Education and Scientific and Cultural Organisation (UNESCO), UN Food and Agriculture Organisation (FAO) and the International Union of Forest Research Organisations (IUFRO) to raise awareness of intangible cultural heritage by key stakeholder organisations (Agnoletti & Rotherham, 2015) . UNESCO note that the term 'cultural heritage' has evolved in recent decades and this is reflected in its own policy instruments, with a useful summary provided on the UNESCO website (UNESCO, 2018) . UNESCO (2018) They note that cultural heritage is not merely about monuments and collections of objects but includes traditions or living expressions inherited from ancestors. The latter are passed to descendants, and include oral traditions, performing arts, social practices, rituals, festive events, knowledge and practices concerning nature and the universe. These also include knowledge and skills relating to traditional crafts. We extend this concept to include the creation and maintenance of traditional landscapes and the ecological systems within them (Agnoletti, 2006 (Agnoletti, , 2007 Agnoletti & Rotherham, 2015; Bridgewater, 2017; Bridgewater & Walton, 1996; Rotherham, 2015) . UNESCO (2018) as 'indigenous and local communities embodying traditional lifestyles') from around the world, met with scientists and environmentalists. The objective was to discuss a common strategy to stop the ongoing and often dramatic decline in global diversity of both nature and culture. Key issues were how indigenous and traditional peoples perceived, used and managed natural resources. It was hoped to develop programmes to support the preservation and strengthening of these communities and of their traditional knowledge. That such a declaration was possible arose from writings of, inter alia, Posey (1983 Posey ( , 1985 , with later formal contributions from Berkes and Folke (1994) , Berkes, Folke, and Gadgil (1995) and Posey (1999) .
This congress was also a key point in the generation of what has become known as the biocultural concept. Although the term biocultural was not used specifically in the declaration, it noted: 'That there is an inextricable link between cultural and biological diversity'. At that time, use of the term 'biological diversity' was only two years old-but of course much older in concept and in its long gestation. However, even in the late 1980s, the idea that there were links between biodiversity and cultural diversity in all its manifest forms was quite challenging to many in the natural sciences community. Even within UNESCO, the UN agency charged with promoting cultural activities, culture and science were (and are) considered in separate 'silos' of policies and staff.
The work leading to the Declaration of Belém (1988) was chiefly, if not totally, focused on 'indigenous culture', although there was some attention given to 'local' culture as well. In the following decade, the Convention on Biological Diversity (CBD) gained traction as a major global forum to discuss nature (biodiversity) conservation. There followed the slow process of discussing how to implement Article 8(j) of the convention text. This Article requires each Contracting Party '…..subject to its national legislation, respect, preserve and maintain knowledge, innovations and practices of indigenous and local communities embodying traditional lifestyles relevant for the conservation and sustainable use of biological diversity and promote their wider application with the approval and involvement of the holders of such knowledge, innovations and practices and encourage the equitable sharing of the benefits arising from the utilization of such knowledge, innovations and practices'. While the word culture does not appear as such, 'knowledge, innovations and practices' encompasses all the issues that should be considered under culture.
At the 2016 Conference of Contracting Parties (CBD, 2004 (CBD, , 2016a , the CBD adopted the Mo'otz kuxtal 1 voluntary guidelines that were intended to provide guidance for potential users of knowledge, innovations and practices that are held by indigenous peoples and local communities, embodying traditional lifestyles relevant for the conservation and sustainable use of biological diversity (hereafter 'traditional knowledge') to obtain appropriate consent from such indigenous and local communities.
The guidelines specifically identified '……community protocols that may contain but are not limited to information about:
Community identity;
Community history;
Community territoriality;
The use of culturally important practices relevant to the conservation and sustainable use of biological diversity;
Social organization and decision-making processes (which are often collective decision-making procedures at the community level).' So, cultural aspects are encompassed in the CBD discussions, even if somewhat hidden. Also, in 2016, the Intergovernmental Science-policy Platform on Biodiversity and Ecosystem Services (IPBES) was discussing the Summary for Policy Makers from its Assessment on Pollination and Pollinators (IPBES, 2016) . In these discussions, representatives from several countries were uncomfortable with the term biocultural diversity and with its definition.
As often the case in the heat of the moment, the arguments became mixed, unclear and sometimes uncomfortable-but a solution was to have the following definition:
……'biocultural diversity' (for the purposes of this assessment, defined as biological diversity, cultural diversity and the links between them).
This debate was all at the policy end of the science-policy interface. Therefore, while there has been considerable discussion and argumentation associated with the term in recent decades, it seems appropriate now to review thoroughly the history of the concept. From this we can propose a definition that sits comfortably with the current work of intergovernmental policy bodies. The latter, of course, rely on clear and unambiguous definitions for their work in implementing policy and strategy. Important in this dialogue is the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) which is the intergovernmental body that assesses the state of biodiversity and of the ecosystem services it provides to society. This work is in response to requests from decision-makers. In view of the crises facing biodiversity conservation, more effective incorporation of biocultural heritage and drivers within the IPBES is clearly desirable. The IPCC has recently also become interested in this topic and biocultural diversity and its impacts on and from climate change are likely to be in future assessments, and possibly joint products with IPBES/IPCC.
| NATURE , CULTURE , HERITAG E-CON S ERVATI ON AT A CROSS ROADS
Separation of nature from human culture has been identified as a serious problem in the conservation of both nature and heritage (e.g. Rotherham, 2008 Rotherham, , 2014 . The process has been described as 'cultural severance' and the consequences serve to confuse ideas of, for example, rewilding (Rotherham, 2013a (Rotherham, , 2013 . The latter argues that 'abandonment' (i.e. cultural severance) and 'rewilding' are different and distinctive. Furthermore, the consequences of cultural severance, rather than enhancing biodiversity as its interpretation as rewilding might suggest, include dramatic declines in ecological richness. In some cases, however, there may be the emergence of distinctive novel and recombinant ecologies (Higgs, Hobbs, & Hall, 2013; Rotherham, 2017) .
| E X AMPLE S FROM B RITAIN AND EUROPE OF ABANDONED TR ADITIONAL COUNTRYS IDE LE AD ING TO MA JOR DECLINE S IN B I OD IVER S IT Y (FROM ROTHERHAM , 2 0 0 8 , 2 01, 2 014)
The details of these species' declines are described elsewhere (see Rotherham, 2014 Rotherham, , 2014a , and many are well-known. Furthermore, the ecological characteristics of these species and their ecological trajectories in the modern landscape are effectively described in Grime, Hodgson, and Hunt (2007) . Compounding factors have included the massive conversion of extensive upland moors and bogs to intensive grouse moor, sheep grazing or enclosed farming (Rotherham, 2014 (Rotherham, , 2014a , and of lowland bogs, moors and fens to intensive arable (e.g. Rotherham, 2013 Rotherham, , 2013a . This paper is not the place to discuss these ecological declines and their specific causes in detail. Nevertheless, the examples serve to illustrate the scale of the issue, the importance of the eco-cultural relationship and the need to provide better definition and greater clarity in attempting to understand ecological processes and to focus conservation efforts.
| HIS TORI C AL PER S PEC TIVE OF THE TERM ' B I O CULTUR AL'
In many ways, the ideas of biocultural systems arose from work which was being undertaken primarily by landscape geographers and ecologists on the more mechanistic socioecological systems and more human-centred cultural landscapes. However, these concepts also grew in a political way through the 'Convention Concerning the Protection of the World Cultural and Natural Heritage' (hereafter 'World Heritage Convention') (UNESCO, 1972) 4. The appearance of landscapes communicates cultural values. Bridgewater and Walton (1996) used these four principles in introducing 'biocultural' as the term for these sorts of landscapes, but taking it beyond the World Heritage arena:
There is a general failure to recognize that globally, most, if not all, landscapes are blends of human activity with the expression of biodiversity -that is, they are biocultural landscapes.
This was taken up also by Poe, Norman, and Levin (2014) in talking about coastal ecosystems:
Often called "bio-cultural landscapes", some coastal ecosystems have been historically co-produced through biophysical processes and customary landscape management practices.
The key role of biocultural landscapes in promoting 'safe' living and sustainability has been described by Merçon et al., 2019. The term 'co-produced' by Poe et al. (2014) is now commonly adopted as a descriptor for outcomes and events shaped by interactions between people and nature. It ideally follows a process of co-design, where different actors work together to express ways to achieve mutually agreed outcomes. Maffi (in Posey (1999) , the first UN publication on the matter), provided a detailed definition of biocultural diversity from the basis of linguistic diversity:
Yet this intrinsic and defining role of language in human biocultural diversity is still not well understood in academic, policymaking and advocacy circles alike -while it is salient in the cosmologies, philosophies and traditional narratives of scores of indigenous and minority peoples worldwide. In international debates on biodiversity conservation, it is becoming clear that the link between biological and cultural diversity is an inextricable one, and that it is necessary to think of preserving the world's biocultural diversity as an integrated goal. What has so far largely remained outside the scope of such debates is the role of language, and of the continued presence of a variety of languages on earth, in the maintenance of biocultural diversity (as well as in ensuring equitable and peaceful existence for hundreds of millions of people on earth).
Maffi also uses the term sense of place, bringing another dimension to this issue. Loh and Harmon (2005) gave this definition of biocultural diversity:
It includes biological diversity at all its levels, from genes to populations to species to ecosystems; cultural diversity in all its manifestations (including linguistic diversity), ranging from individual ideas to entire cultures; and, importantly, the interactions among all of these.
They also added:
On a global scale, the primary importance of biocultural diversity is that it is the fundamental expression of the variety upon which all life is founded.
Conceptually, biocultural diversity bridges the divide between disciplines in the social sciences that focus on human creativity and behavior, and those in the natural sciences that focus on the evolutionary fecundity of the non-human world.
Cocks (2006) In many landscapes, concepts such as "natural" and "cultural" have lost much of their meaning, being replaced by a biocultural understanding, where not only settlements and agriculture, but also species and habitats are determined and preserved by people.
One might take offence at the use of the word 'preserve' but re- Manifestations of indigenous and local knowledge are evident in many social and ecological systems. In this context, the approach understands "biocultural" as describing a particular state resulting from the interaction of people and nature at a given time and in a given place and "biocultural diversity" as a dynamic, placebased aspect of nature arising from links and feedback between cultural diversity and biological diversity.
F I G U R E 1 Biological diversity and cultural diversity blend to form biocultural diversity, with ecological engineering (Mitsch, 1992) and heritage acting as lenses to focus the strengths of both diversities in combination (Braat, 2018; Masood, 2018) continue to debate the concept.
The details of the discussions need not concern us here, but an important aspect missing from this debate is indeed that of 'People's Contributions to Nature'. That is, the cultural shaping of many of the world's landscapes by indigenous peoples over millennia. This tension between the human shaping of nature we see today, and the continuing benefits/ goods/ services/ contributions that nature offers, is an important aspect of this ongoing, and long overdue, debate. Ideas being developed as relational values (Chan et al., 2016) also contribute to the discussions. These eight principles are not limited to biocultural issues (e.g. No. 1 is simply stating the obvious) and the article itself is somewhat confused on the topic. Nevertheless, point 3 echoes many comments noted earlier, and number 4 is useful in reminding about the socioecological context. Generally, the principles presented by Rozzi et al. (2006) and Gavin et al. (2015) reflect the 12 principles of the ecosystem approach of the 'Convention on Biological Diversity' (CBD, 1992) . However, with the emerging ideas in this field there would be value in the CBD bringing its ecosystem approach in line with current thinking on the importance of biocultural diversity in supporting global nature conservation/ biodiversity conservation, site management and benefit-sharing. In order to address these challenges, it is important to gain a more effective understanding of the drivers of these landscapes.
To address some of the issues, Rotherham (2015) explored the 'eco-cultural nature' of landscape (Rotherham, 2014a (Rotherham, , 2014 , as derived from long-term, intimate, interactions between people and ecology. It is often this interplay of humanity with nature that generates both sense of 'place' and local distinctiveness. Across Europe in particular, twenty-first century depopulation means that rural landscapes are 'abandoned' but Rotherham (2015) notes that they are not necessarily subsequently 'wilded'. The results for ecology, communities and economies can be potentially devastating and there is a frequently dramatic decline in biodiversity as the eco-cultural landscapes change through ecological successional or regenerative processes. Major drivers of these changes are urbanization and migration of people from the countryside to towns and cities with consequent socioeconomic and demographic changes. This process was described by (Rotherham, 2008 (Rotherham, , 2013 , TA B L E 1 A summary of the work undertaken over the past decades
Definitions, concepts, sources and comments on biocultural diversity and heritage

Authors or report
Date Key contribution Comment
World Heritage Convention UNESCO 1972
Bringing together of work on socioecological systems and human-centred cultural landscapes; focus on world heritage and in many ways a policy beginning
In 1992, the convention adopted cultural landscapes as a distinct categorization of world heritage Declaration of Belém 1988 Direct involvement of indigenous and traditional peoples in formulating policy; inextricable link between culture and biological diversity
The first tentative conversations between Indigenous peoples and scientist on views about nature and culture-bringing together different world views.
Convention on Biological Diversity (CBD)
1992 Indigenous and local communities embodying traditional lifestyles; inclusion of knowledge, innovations and practices
International convention and protocolsadopted definitions in 2018 that reflect our conclusions Posey 1983 Posey , 1985 Posey , 1999 Issues of indigenous ecological knowledge Amazonian case studies Berkes et al. 1994 Berkes et al. , 1995 Communities, traditional knowledge, resilience Research and conceptual development Nassauer 1995 Established four principles for dynamics of cultural landscapes
Remains an important paper framing these discussions Bridgewater & Walton 1996 Need to recognize biocultural assets and heritage; used the four principles of Nassauer (1995) to establish the concept "biocultural" beyond merely world heritage; landscapes as blends of human activity and the expression of biodiversity as 'cultural severance', and is the long-term breakdown of subsistence utilisation leading to long-term, often rapid, loss of biodiversity and landscape quality.
In a similar vein a key global threat to biocultural diversity is that of Biocultural Homogenization, identified by Rozzi as a 'wicked problem' (Rozzi, 2018) . Biocultural diversity, as a pairing of biological and cultural diversity, suffers doubly from the twin and compounded effects of cultural homogenization, and ecological homogenization.
Particular effects from ecological homogenization focus on invasive alien species (Crowl, Crist, Parmenter, Belovsky, & Lugo, 2008) .
Climate change, land use and transport vectors interact in complex ways to determine the spread of native and non-native invasive species, pathogens and their effects on ecosystem dynamics. Cultural
Homogenizations, according to Singh (2015) as 'Janus-faced', speaking at the same time to cosmopolitanism and also to loss of local ways of life.
Combining the effects of biocultural diversity, while suffering from the effects of globalization, is paradoxically also a buffer against the general effects of globalization. Important in this discussion (Agnoletti & Rotherham, 2015; Rotherham, 2015) is the idea that at a landscape level we can identify an eco-cultural resource made up of components of biocultural heritage embedded in a cultural landscape. Recognising and then managing appropriately these biocultural elements is the key to successful future conservation of nature and cultural expression. Furthermore, to achieve this objective effectively, a more integrated and joined-up approach is required from research, to policy, and to implementation.
| SUMMARY, DEFINITI ON S AND CON CLUS IONS
Building on the materials and histories described, key elements emerge regarding development of the role biocultural diversity can play in nature conservation and thus sustainability. These are: for local communities as one way in which communities can increase their capacity to conserve, manage, use and share local biodiversity.
Furthermore, such an approach can drive local implementation of international and national environmental laws. BCPs are protocols developed after a community undertakes a consultative process to outline their core ecological, cultural and spiritual values and customary laws. These relate to their traditional knowledge and resources and based on which they provide clear terms and conditions to regulate access to their knowledge and resources.
| A DEFINITION-B IOCULTUR AL D IVER S IT Y A S A K E Y TOOL FOR NATURE CONS ERVATION
Considering the developing ideas since Belém and assuming nature includes people (Homo sapiens), Figures 1 and 2 highlight relevant links and feedbacks. In Figure 1 , which deals with links, we also show the roles of heritage on one side and ecological engineering (Mitsch, 1992) on the other. In Figure 2 , we demonstrate how ecosystem services fit in a biocultural framework and show the influences of drivers of change. This does not distinguish between direct and indirect drivers. We also provide in Table 1 below definitions of biocultural and biocultural diversity for use in further academic work, but especially in the work of, and decisions arising from, biodiversity-related multi-lateral environment agreements, IPBES products etc.
Biocultural assets and heritage result from interactions between
people and nature at a given time in a given place.
2. Biocultural diversity is a dynamic, place-based, aspect of nature arising from links and feedbacks between human cultural diversity and biological diversity.
The assets, heritage and diversity (comprising (1) and (2) These core concepts are placed jointly within a culture on the one hand, and a landscape with its ecology, on the other. Much of the biocultural heritage which is then manifested is inherently 'intangible'.
Biocultural is an adjective which implies a state resulting from the interaction of people and nature at a given time and in a given place.
At its most basic, the expression biocultural refers to interactions between genes and memes. 2 Biocultural diversity is a dynamic, placebased, aspect of nature arising from links and feedbacks between human cultural diversity and biological diversity. These core concepts are placed jointly within a culture on the one hand, and a landscape with its ecology, on the other. Much of the biocultural heritage which is then manifested is inherently 'intangible'.
Application of the definitions of biocultural diversity provided above, set in the context of reconfigured principles in the CBDs ecosystem approach, offers a positive way to reduce the erosion of biodiversity. This will help efforts to restore biodiversity at genetic, species and ecosystem levels. Importantly, this approach helps provide an effective toolkit for decision-makers at many levels and can unify otherwise potentially disparate conservation management processes.
| RE WILD ING CON CEP TS AND CONS ERVATION
It is difficult to fully address the issues raised in this paper without reference to ongoing debates about so-called rewilding of nature and landscapes (e.g. Sandom et al., 2018) . Essentially, in response to continuing declines in species and overall biodiversity at every level from national to global, an approach has emergence that claims to halt the losses and turn back the ecological systems to processes prior to major human impacts (Rotherham, 2014 (Rotherham, , 2014a . In popular, professional and academic literature, the idea of 'rewilding' has taken hold and stimulated discussion about future landscapes and their ecologies. The broad concept has been taken to offer great benefits in terms of halting species declines and restoring ecosystem functions (e.g. Monbiot, 2013) .
In this context we agree that appropriate rewilding offers major potential for slowing species declines and triggering some recoveries (see Sandom et al., 2018) . Nevertheless, this needs to be set in the broader context of the essential eco-cultural nature of the landscape in which humanity is a major component. The culture versus nature paradigm is etched deeply into this debate and serves to emphasize further the need for clarity in finding effective definitions. It is hoped that the suggestions offered here will help avoid misunderstanding and thus focus efforts on pragmatic solutions which join nature, culture and heritage in effective conservation of biocultural resources.
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